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DURING SQUADRON OPERATIONAL. TRAINING

By Cerl R. Huss, Reymond A. Fisher, and
Patrick A. Gainer

SUMMARY

Preliminery results of one phase of a control-motlon study program
Involving several Jjet fighter-type airplanes ere presented in time-
history form and are summsrized as meximm measured quasntities plotted
ageinst indicated sirspeed. The results were cbtained from epproxi-
mately 350 meneuvers performed by a Lockheed F-9L4B jet interceptor air-
plene during squadron operational training. Most of the tectical maneu-
vers that are within the capsbilities of the F-94B airplane are included
in the data. The maneuvers were performed at pressure altitudes of
0 to 32,000 feet and at indicated airspeeds ranging from the stall to
approximately 500 knots.

INTRODUCTION

The present method of determining airplane design loads requires,
among other things, a knowledge of the motion of the control surfaces,.
In the usual methods, the maximm design loads are obtained by speci-
fying what asre belleved to be the critical motions of the control
surfaces and subsequent airplane responses; however, the actual control
motion end load-factor variatlions cbtained in regular operational flying
mey differ eppreclably from the specified variations, even though the
specified control rates do not exceed the limits of the pilot or ailrplane.

In order to obtain Iinformation on the actual control motions used
in flight, the National Advisory Committee for Aeronautics in coopersa-
tion with the U. S. Air Force and the Bureau of Aeronautics, Depaertment
of the Navy, is conducting a control-motion study program. This program
is directed towaerd obtaining sample measurements on several Jet fighter-
type airplenes of rates, amounts, end combinations of control motions

UNCLASSIFIED
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used by service pllots 1n carrying out operational training misslons.
From tests of this kind, it may be possible to determine more realistic
design load criterie and also information useful in the design of air-
plane control-boost systems. References 1 to 4 are other papers which 4
originated from this program.

The present. paper includes data in time-history form of maneuvers
performed by & ILockheed F-94B airplane during regularly scheduled opera-
tional training missions. In order to expedite the presentation of
these data, only a minor analysis of the resulte 1s included to present
maximm values. The time histories have been reduced to page size to
faclllitate the reproduction and distribution of the large amount of
material. These flgures are consldered adeguate for minor analyses of
the data, such as determining maximum values. If extensive analysis of
the included date 1s desired, copies of the time histories, approxi-

mately 2% times larger, are avallsble on request to the NACA.

TEST ATRPLANE

The airplene used in this program was a standard Alr Force
F-94B-1-10 airplane, serisl number 51-5380A. This airplane is a two-
place, straight low-wing, all-weather interceptor powered by a single
Allison turbojet engine equipped with afterburner. The alleron control
forces are sugmented by a hydraulic booster mechanism. Hydraulically
operated speed brakes are incorporated in the bottom of the fuselage.

The external appearance and the weight and balance of the airplane
were altered as little as possible by the addition of the instrumenta-
tion. A photograph of the F-94B test airplane is presented as flgure 1
and a three-view drawing is presented in figure 2. Physical charac-
teristics and dimensions are gilven in teble I.

INSTRUMENTS

Standard NACA photogrephicaelly recording instruments were used to
measure and record (1) the quantities defining flight conditions - that
is, airspeed, altitude, and speed-brake position; (2) the imposed control
motions; and (3) the response of the airplane in terms of angular veloci-~
ties and accelerstions, load factors, airplene sideslip angle, and air-
plane angle of attack. The recorders were synchronized at l-second
intervals by means of a common timing circuit. All recorders were
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mounted in the nose armament section wlth the exceptlion of the singie-
and three-component accelerometers which were mounted in the forward
pert of the engine section.

In order to relieve the pilot of any recording-instrument switching
procedure and thus ensble normal operatlon, a pressure swltch was used
to turn on the recording instrument automaticelly at an indicated air-
speed of approximately 95 knots. Also, a nose-wheel-door microswitch,
vwhich was actuated when the door closed, was employed to keep the
recording instruments turned on should the indicated airspeed go below
95 knots.

A standard two-cell pressure recorder connected to the airplane
service system was used to measure the pressure altitude and indicated
airspeed. The service system employs a total-pressure tube attached to
the bottom of the fuselage below the nose ermament section eand f£flush
static-pressure orifices on either side of the lower fuselage forwerd
of the srmament section. (See fige. 1 and 2.)

A microswiich was used on the right speed brake to indicate the
open or closed position of this surface. The control-surface deflections
were measured by & control-position recorder having remote recording
electrical trensmitters installed at the control surfaces. The elevator
and rudder transmitters were lnstelled inside the tall fairings in order
to take measurements at the inner hinge. The aileron transmitter was
loceated internally at approximately the right-ailleron midspan.

Angulaer velocities and accelerations were recorded about three
mtually perpendicular axes of whlch the longitudinal axis is the one
commonly used for leveling the airplane. (See fig. 2.)

Normel load factors were measured by a single-component ascceler-
ometer located 2.81 feet aft and 0.99 foot below the average flight
center-of-gravity location of 26.6L4 percent of the wing mean aerodynamic
c¢hord. Longitudinsl and transverse load factors were measured by a
three-component accelercmeter (of which only two components were used)
located 2.81 feet aft, 0.99 foot below, and 1.25 feet to the right of
the average flight center-of-gravity location.

The airplane sideslip angle and airplane angle of attack were
measured by flow-direction recorders mounted on & boom extending from
the upper left gun port. (See fig. 2.)

A summexy of the quantitles measured, instruments used, accuracies
of the measurements, and the natural frequencles of the instruments is
given in taeble II. As will be noted, the accuracy of each measured
quantity is divided into two parts; instrument accuracy, which is esti-
mated with regerd to errors introduced by the instrument characteristics,
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and the reproduction error, which 1s based on inherent errors resulting
from preparing and reproducing the time histories. The addition of S
these two accuracies will give the total possible error with respect to '
the true zero. Incremental velues would, of course, be associgted only ’
with the lnstrument accuracy.

All the recording instruments were dsmped to about 0.65 of eritical
damping. The natural frequency of the elements in all the instruments
wags selected to give the best compromise value which would minimize the
magnitudes of extraneous alrplsne vibretions and still glve correct
regponse to the maneuver-imposed deflections.

TESTS

The tests consisted of eighteen squadron operational training
flights carried out during February and March, 1952. The maneuvers .
obtained were flown at pressure eltitudes of O to 32,000 feet and at
indicated alrspeeds varying from the stall to approximately 500 knots
and include most of the tactical meneuvers that are within the capa-
bilities of the F-94B alrplane. v

With the exception of one flight, the test airplane was flown with
no wing-tip tanks, since this condition more nearly resembles the combat
configuration of the alrplane. Several flights were alsc made without
the rader observer.

Enough film was cerried during easch flight to allow approximately
80 minutes of flight time to be recorded. This was usually sufficient
time to record the complete flight. In this program 7.9 hours of flight
time were recorded, of-—which 3.9 hours are presented in this paper as
maneuvers in time-history form. The ratio of flight time to maneuver
time of approximetely 2 1s not necessarily representative of normal
operation because the pllots were requested to perform as many maneuvers
as practical during each flight in order to minimize the time required
to collect the data.

. Eight pilote participated in these tests. No pilot accounted for
more than 20 percent of the maneuver time. Anti-gravity sults were
sometimes worn by the pilots during these tests.

In order to obtain records which would contain representative
semples of normal pilloting technique in the performance of the maneuvers, 3
the pllots were assured that the instrumentation would not restrict them
in any way as to type of meneuver, manner of control manipulation, or
severity of mesneuvering. Also, they were assured that they would not be
identified with the results.



Ll

NACA RM I53B27 I S

METHOD AND RESULTS

In order to expedite the transition of the flight dats to time-
history form, & photographlic method of preparing time histories was
developed. Briefly, this method consisted of three main steps:

(1) direct reproduction of the flight film records; (2) assembling of
the records for each particular maneuver; and (3) photographing the
assembled records through a master-grid overlasy. The same care in
adjusting the instruments to preselected sensitivities and selecting
the film drums was necessary for this method as was exerclsed for the
methods used in references 2 and 3. It is belleved that the use of the
present method has resulted in more rapld reproduction of the data and
in meintaining a high over-all accuracy and gresater preservation of
meny of the film-record details.

The master-grid overlsy was constructed to conform to the wvarious
Instrument sensltivities, calibrations, and film drum speeds. Because
of this, some of the quantities have nonlinesr grids and the dimensions
of the linear grids vary slightly for each quantity measured.

The basic results obtained from this flight progrem are presented
in figures 3 to 303 as time hilstories of the measured quantities for
each maneuver and asre summarized as meximum measured quantities plotted
against indlicated airspeed in figures 304 to 312. The time histories
are arranged in this paper according to maneuver classification as given
in tgble ITI. Included in the legend of these figures is a description of
the type of maneuver and estimated in-flight airplane weight and center-
of-gravity location. As a matter of interest, the legend also states
which pilot (pilot A, B, C, D, E, F, G, or H) performed the maneuver,
whether the pilot wore an anti-gravity sult, whether the meneuver was
performed with a radar observer gboard, and whether wing-tip tanks were
on. Describing the maneuvers was, of necessity, done in a general sense
because it was sometimes difficult to determine from the flight records
exactly the type of maneuver performed. Most of the standard maneuvers
are Interpreted in references 5 and 6. The in-flight airplane weight
and center-of-gravity location were estimated on the basis of the total
amount of fuel used and the total time the engine was running, taking
into account fuel used for warm-up, taxylng, and afterburner operation
during teke-off.

In these time histories, the alrspeed is indicated airspeed,
defined as the reading of a dlfferential-pressure airspeed indicetor,
calibrated in accordance with the accepted stendard adigbatic formuls
to indicate true airspeed for standerd sea-level conditions only (uncor-
rected for instrument and installation errors). The altitude is the
NACA standard pressure altitude.
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The control-position curves shown were measured with respect to
their neutral position. Only the right-sileron deflection weas measured.
The open position of the speed brakes is indicated on the time histories
by the dashed line and the words "brakes open.™

In these figures load factors associated with forces acting up,
forward, and to the right are positlve. Nose up, nose right, and right
wing down are positive for the pitching, yawing, end rolling angular
veloclties and angulsr accelerations which are given in radians per sec-
ond and radians per second per second, respectively. No angular-velocity
or angular-acceleration corrections to the recorded loasd factors due to
the displacement of the accelerometers from the center of gravity have
been made in these time historles. It should be noted that on several
of the time historiles, the angular acceleration records are missing,
either in whole or in part. In these cases, usuelly at the higher Mach
nunbers, airplane structural vibretions caused the angular-acceleration
record to vibrate at & high frequency and amplitude, so that the record
was unreliable and of poor guality for reproduction. It will also be
noted that portions of the acceleration records have been faired in with
a8 dashed line. This was done whenever it was believed that the record
was reliable but of poor reproductive gquality. Thils dashed-line falring,
coupled with the hashiness of the angular-acceleration records, makes it
possible to distinguish between the angular-acceleration and angular-
velocity traces.

The angle of sideslip shown in the time histories is the angle
between the longitudinal axis and the proJection of the relative wind
in the horizontal plesne of the airplane and is positive for a nose-right
attitude. The angle of attack 1s the angle between the longitudinel
axls and the projection of the relative wind in the vertical plane of
the alrplane and is positive for g nose-up attitude. In several fig-
ures it was necessary to faeir the angle-of-sideslip and angle-of-attack
records with a dashed line because excessive vibrations, ordinsrily
incurred during take-offs, stalls, and landings, made them of poor
reproductive quality. The angle-of-sideslip and angle-of-attack values
in the figures are uncorrected for angular-velocity, sidewash, and
upwash effects. It is estimated that the sidewsgh and upwash effects
would increase the measured angle of sideslip and angle of attack by
approximately 5 percent and 10 percent, respectively.

A comparison between the normel load factors obtained 1n these
tests and en operational V-n dilagrsm is presented in figure 304. The
V-n envelopes shown in thils figure are the operational limitations for
the test alrplane gt a gross weight of 12,238 pounds which 1s the aver-
age flight weight for the meneuvers presented in this paper. The normsal
load factors in Figure 304 were taken directly from the time histories
and are plotted without angular-velocity or angular-ascceleration correc-
tions since such corrections were found to be small.
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The meximum transverse load factors and corresponding indicated
alrspeeds are presented in figure 305. Because of the large number of
small transverse load factors avaellsble from the time histories, only
the values gsbove the arbitrery l1imit of 0.05 are presented. All the
transverse load fectors given in figure 305 have been corrected for the
effects of rolling and yawing esngular velocity and angulaxr accelerafion.

The maximum control rates and thelr veriation with indicated air-
speed are shown in figures 306, 308, and 310. These meximum values
were obtained from the maximum slope of the appropriaste control-position
record. In these flgures the measurements obtained from the time histo-
ries in the region of main-gear take-off or touchdowm are distinguished
from the completely airborne messurements by a different symbol.

The maximum pltching-, rolling-, and yawing-angulasr-accelersation
variations with Indicated airspeed are shown in figures 307, 309, and
311, respectively. Where the angulaer acceleration records were missing
in the time histories, the maximum sngular sccelerations were obtained
from the meximum siope of the sppropriate sngulsr-velocity record. Only
the maximum angular-acceleration values ebove the arbitrary limit of
0.1 radian per second per second for pitch and yew and 0.5 radian per
second per second for roll are included in these figures as being
significant.

The varistion of meximum angles of sideslip with indicated air-
speed is shown In figure 312. These angles, which were taken from the
time histories, have not been corrected for sidewash effects.

No corrections have been made to the indicated airspeed for posi-
tion error in any of the summary figures (figs. 304 to 312). Also,
only the maximum values deemed necessary to demonstrate the trends are
presented in these figures. The measurements obtained during a stall
are indicated in figures 307, 309, 311, and 312 by a different symbol
only at low indicated airspeeds, since the envelopes at the higher
speeds were not materially affected by stells. Directionsl-oscillation

effects are also distinguished in figures 305, 311, and 312 by a dif-
ferent symbol.

DISCUSSION

The date of this investigatlon include most of the tactical
maneuvers within the capabilities of the P-94B airplsne and, although
limited to a few hours of actual flying {time, represent a cross section
of the maneuvers performed during operational training.
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Examination of figure 30k indicates that during these tests the
operational limits of the V-n dlagram were approached for many combi-
nations of load factor, alrspeed, and altitude. It is also evident
that the positive normal-losd-factor region of the V-n dlagram was
utilized to a much greater degree than was the negative load-factor
region. '

The region of the V-n diagram limlted by the meximum 11ft coef-
ficient was, as would be expected, approached 1in maeny of the maneuvers,
especially in turns and stalls. (See figs. 31, 47, 48, 237, 240, and
24k2.) The limit positive normal load factor, 7.33, was spproached in
turns and in pull-ups or pull-outs during such meneuvers as roll entries
into dives, chandelles, Immelmans, and vertical recoveries (see figs. 28,
38, 712, 77, 181, 216, 237, 250, and 273). The highest positive normal
load factor recorded, 7.k, was obtained at an airplane weight of
11,760 pounds and an indicated airspeed of 375 knots during a right
turn. (See fig. 23.) The high-speed, high-positive-load-factor region
of the V-n dlagram was not closely approached.

Negative load factors were rarely obtained. The greatest negative
normel load factor, -0.5, was obtained at 275 knots during a right-
glleron roll. (See fig. 81.) This trend in negative load factor may
be influenced by the engine characteristics sgince engine operation
cannot be maintained for an extended period of time in the negative-~
load~factor reglon. Normal load factors less than 1 were ususlly asso-
ciated with turns, rolls, and stalls. (See figs. 50, 51, 52, 72, 86,
107, 117, 235, 236, and 241.)

The maximum corrected trensverse load factors, 0.38, at 355 knots
and -0.37 at 300 knots, shown in figure 305, were obtained in an abrupt
left turn and in a right aileron roll, respectively. (See fig. 38 at
time 7.5 seconds and fig. 264 at time 14.5 seconds.) The largest meas-
ured values of transverse load factor were ususlly experienced in
rolling meneuvers such as turns, rolls, roll entrles into dives, wing-
overs, chandelles, Tmmelmans, and vertlcal recoveries and also in rudder
kicks. (See figs. 39, 47, 83, 118, 1h7, 216, 251, 252, 261, 279, end
233.) ZExamination of figure 305 indieastes that the value of corrected
transverse load factor experienced in these tests was usually between
+0.30.

Iongitudinal load factors of 0.4 to 0.6 were obtained in such
meneuvers as turns, rolls, roll entries into dives, wing-overs, loops,
Immelmsns, stalls and vertical recoveries. (See figs. 23, 66, 92, 118,
133, 168, 210, 212, 216, 242, 250, and 278.) Iandings, use of the
afterburner, and extension of the speed braskes also had pronounced
effects on the longltudinal load factor. ILarger longitudinal load
fectors were obtalned during landings at the time of main-gear touch-
down and during the following braking period. Use of the afterburner



‘l

NACA RM I53B27 - 9

caused an acceleration equivalent to about 0.2 load factor at 44O to
Y70 knots. (See fig. 216 at time 30 seconds, fig. 218 at time 20 sec-
onds and fig. 251 at time 43.5 seconds.) Extension of the speed brakes
caused a deceleration equivalent to approximately -0.%k load factor at
385 knots and 1,400 feet altitude. (See fig. 38.) The speed-brake
effect is also shown in figures 68, 118, 200, and 287.

In general, the elevator rates, as shown in figure 306, were
greatest at low speeds and decreased with incressing indicated airspeed.
The highest positive elevator rate obtained in these tests was 5 radians
per second and occurred during & landing. (See fig. 301 at time 40.5 sec-
onds.} The largest negative elevator rate, -2.23 radians per second,
also occurred during a landing. (See fig. 292 at time 39.5 seconds.)
Examination of the take-off and landing time histories reveals that in
most cases the greater elevator rates were used in landing. The other
maximim elevator rates were obtained in maneuvers necessitating a pull-
up, such as turns, roll entries or recoveries, roll entrles into dives,
chendelles, pull-ups, loops, split-S's, and stalls. (Bee figs. 48, 119,
152, 180, 199, 206, 225, 235, 241, and 255.)

The negative pitching accelerations obtained in these tests were,
in general, larger than the positive values. (See fig. 307.) The
greatest negative pitching acceleration, -1l.3 radilans per second per
second at 185 knots, occurred during a2 split-S (fig. 225 at time 18.5 sec-
ords ) while the gremtest positive pitching acceleration, 0.75 radian per
gecond per second at 340 knots, resulted from a pull-up during & lazy
eight. (See fig. 255 at time 30.5 seconds. ) Piltching accelerations
greater than *0.70 radian per second per second were obtained in such
meneuvers &s turns, wing-overs, chandelles, and stalls. (See figs. 38,
168, 180, 237, and 2L2.)

Pitching velocities never exceeded 0.5 radian per second and were
ususlly less than O.4 radian per second. The larger pltching velocities
occurred in turns, rolls, loops, Immelmans, split-S's, and stalls as
shown in figures 38, 39, 129, 131, 210, 211, 225, 236, 237, and 2kl.

Examination of figure 308 indilcates that in general the aileron
rates used during this program incressed with increasing airspeed to a
value of about 1.0 radian per second at 250 knots and then decreased
with increasing alrspeed. However, this figure slso shows that values
s high as 1.34 radians per second were obtailned at high indicated air-
speeds. This alleron rate was obtained in an ebrupt right turn at an
indicated airspeed of 440 knots. (See fig. 28.) As would be expected,
large ailleron rates were recorded in rolling maneuvers such as turns,
rolls, Immelmens, and vertical recoveries, and on occasion, during
stalls. )(See figs. 37, kO, 47, 78, 92, 102, 11k, 213, 269, 279, 25k,
and 257.
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Rolling eccelerations of approximately 15 radians per second per
second were obtained 1n these tests at an indicated airspeed of about
370 knots and, in general, decreased above and below this airspeed.
(See fig. 309.) However, a rolling acceleration of 6.75 radlans per
gecond per second was obtained at 440 knots. This high value occurred
during an sbrupt right turn (fig. 28) and is associated with the high
alleron rate shown in figure 308. Other high rolling accelerations
were obtained in turns and rolls as shown in figures 42, 47, 11k, 260,

298, and 303.

The maximum measured rolling velocities, 2.2 radians per second
at 275 knots and 17,700 feet altitude and -Z2.3 radians per second at
300 knots and 17,000 feet altitude, occurred during alleron rolls.
(See figs. 113 and 128.) Otker high rolling velocities occurred in
alleron rolls as shown in figures 91, 96, 132, and 260.

The maximum rudder rates used in teke-off and landing were spproxi-
mately 2.5 times greater than the maximum rudder rates used during the
other maneuvers. (See fig. 310.) The maximum rudder rates of
12.8 radians per second at 100 knots occurred during take-off. (See
fig. 7 at time 4.0 seconds and fig. 8 at time 0.5 second.) Comparison
of the take-off and landing time higtories indicates that during this
program the rudder rates were higher during take-off then in landing,
although the rudder was used more during landings. The rudder rates
used in other maneuvers decreased from 0.93 and -0.66 radian per second
at 180 knots to practically O at 4OO knots. The highest rudder rates
were measured in such maneuvers as turns, rolls, Immelmsns, sideslips,
and rudder kicks. (See figs. b2, 97, 114, 213, 231, and 233.) However,
examination of the time histories indicates that, with the exception of
take-off and landing, the rudder was not used to any great extent during
thege tests.

The maximum yawing accelerations, as shown in flgure 311, due to
maneuvering, were -0.62 radian per second per second at 355 knots and
0.60 redisn per second per second st 225 knots and occurred during a
left turn and rudder kick, respectively. (See figs. 38 and 233.)
Other high yawing accelerations were obtained in turns, rolls, and
vertical recoveries. (See figs. 39, 48, 72, 113, 264, and 280.)

The yawlng velocltles obtained during these tests 41d not exceed
¥0.30 radian per second. High yawing velocities of the order of +0.20
to 10.28 radian per second were obtalned in such maneuvers as turns,
rolls, roll entries into dives, split-S's, sidesllips, rudder kicks,
stells, and vertical recoveries. (See figs. 38, 47, 91, 107, 113, 152,
228, 231, 233, 2kl, 245, 262, and 278.)

The largest sngles of sildeslip occurred at the lower airspeeds and

decreased with increasing airspeeds. (See fig. 312.) The highest side-
glip angle obtained in these tests, -11.1° at 225 knots, occurred in an
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abrupt left turn. (See fig. 47.) Other large sideslip angles were
obtained in turms, rolls, Immelmans, sideslips, and rudder kicks. (See
figs. 48, 83, 132, 212, 213, 231, 232, 233, and 261.)

Thus far, the discussion has been concerned with the response of
the airplane to pllot-imposed control motions. It is also of interest,
therefore, to point cut the response of the girplane to execitations not
imposed by the pilot, such as rough alr, isolated gusts, and the tendency
of the alrplane to oscillate directlonally at the higher Mach numbers.

The effects of rough air can be seen in figures 45, 1hl, 181, 292,
and 299 and the effects of isolated gusts are shown in figures 180, 205,
255, and 273. These figures show, as would be expected, that rough air
and gusts cause rapid changes, varying in magnitude, in the load factors
and angular accelerations with corresponding changes in the angles of
attack and sideslip. The most severe isclated gust encountered is shown
in figure 255. This figure indicates that a down gust was encountered
which caused the pilot to react in such a mammer as to subject the alr-
plane to its limit normal load factor, 7.33. This gust elso csused high
yawing and rolling accelerations of the order of -1.0 and -5.5 radians
per second per second, respectively.

The effects of directional oscillations are especially pronounced
at the higher Mach numbers and are particularly evident in the trans-
verse load factor, yawing acceleration, and sideslip angle. (See
figs. 130, 166, 182, 192, 193, 216, 221, 280, and 286.) The magnitudes
of these effects are shown in summary figures 305, 311, and 312.

From the figures presented, it may be noted that none of the types
of maneuvers obtained during these tests imposed meximum losds on all
major components of the alrplane at the same time. Probably the most
severe maneuvers obtained in this respect were the uncoordinated, high-
speed, abrupt turns, such as those shown in figures 38 and L47. This
Ttype of turn subjected the test alrplene to high anguler wvelocities and
accelerations, large normal and transverse load factors, and large
angles of attack and sideslip.

Langley Aeronsutical Isboratory,
National Advisory Committee for Aeronauties,
Iangley Field, Va.
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TABLE T
DIMENSIONS AND PHYSICAT, CHARACTERISTICS
OF THE F-94B TEST ATRPLANE
Wing:
Total erea with tip tanks off (including flaps, allerons,

and 40.8 sq ft covered by fuselage) sq £t . . . . . . .
Span (horizontal without tip tenks), in. . . . . . .

Aspect ratio . . . . « e e o o o 9 o o
Taper ratio (Tip chord/Root chord) G e e e e e e e e e
Root chord, in. e e e s 8 s « o s 4 o = o e &

15

Mean aerodynamic chord (at wing statlion 92 measured normal

to airplane center line), in. . . e e e e e e e e
Sweepback (leading edge), deg - « « « « « « ¢« « = « «

. . 238.0
. . k51.50
. . 5.96
. . 0.38
. . 109.98
. . B80.60

9.31

Root eirfoll section . » « » = + + o + « « + + - + . NACA 65112-213
Tip airfoil section . . « « « « « « = « o « « = « - - NACA 65;75,-213

Incidence at root, deg « e s e o s 8 s e 8 e o« ° e o e @
Incidence at tip, deg . . . e & e e s o o o & @ « . .
Dihedral (at trailing edge of wing reference plane), deg
Aileron ares (one, including tab), sq £t .
Aileron span (leading edge), in. . . . . .
Aileron root chord, in. « s v s e e s e .
Alleron tip chord, in. . . . . « ...
Aileron static control limits, deg « e e
Distance from nose to leading edge of wing M. A.C., in. .
Distance of wing mean serodynamic chord below fuselage
reference line, in. e 5 o o o 8 s s s s a2 s € e ¢ o o

Horizontal tail:
Total area (including elevator with tabs), sg Pt . . . .

Span, in. « o e o s e o » s o o = « a4 4 ¢ o e o & o &
Aspect ratlc . . . . e e e v v s a e & o
Taper ratio (Tip chord./Root chord) e e e e e e et e
Root chord, in. . . « e o a & @ - « o«

Mean aerodynamic chord (horizontal tall station 38 5
measured normal to airplane center line), in. - e e .
Alrfoll gsection .« & ¢ ¢ ¢ ¢ ¢ ¢ 4 4 6 4 e 4 s 4 e o o
Tocldence, deg . « « + o ¢« ¢ v o o = o 2 o « o 2 o o o« &
Dihedral, deg . . . « « « « o « & . s e e e e s
Elevator area (two, including tabs), sq Pt . ... .
Elevator span (leading edge, one), in. . . . . . . . . .
Elevator root chord, In. . . « . . ¢« ¢« « & « e o
Elevator tip chord (excluding aerodynsemic balance), in.

. . 1.00
. . -0.50
. . 3.83
. . 8.75
.. 89.86
. o 1T.ht
. . 1l0.60
. . T20.00
. . 210.90
. . 13.38
. . 47.83
. . 199.00
« . 5.75
. . 0.36
. . b52.00
. . 38.20
NACA 65-010
. . 0.50
. . 0
. . 8.70
.« Th.88
. . 13.00
. . k.75

SHACE -~
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TABIE I.- Continued
DIMENSIONS AND PHYSICAL CHARACTERISTICS

OF THE F-94B TEST AIRPLANE

Elevator static control limits (from neutral position), deg
UD ¢ ¢ o ¢ o o o o o« o s o o a s s o a 2 o s s s « o o o s 38.00
DOWOD ¢« &« o o« o o & & - s e e e e s « e e e e . 17.50
Distance from lesding edge of-wing mean aerodynamic chord
to 25 percent mean serodynamic chord of horizontal
tail, In. . . . . . . . .. e e e e e e . « . 210.60
Distance of horizontal-tail mesan aerodynamic chord above '
fuselage reference line, in. . . « « « « « + ¢« « « « . « « 28.38

Vertical tail:
Total aree (excluding dorsal fin), sq £t . . . ¢« « « . « . . 22.50
Span (from bottom of rudder), in. . . . . . « ¢ « « « « « . T7.00
Aspect ratio . . . . e e e e e E e s e e . 1.83
Taper ratio (Tip chord/Root chord) e e e e e e e e e e e 0.k0
Root chord, 1. &« ¢ v ¢ ¢ ¢ v & v ¢ ¢ o« o o s « o« o « = « « 65,00
Tip chord, in. . . . . e e e e e s s e s e . s . 26,00
Mean aerodynamic chord (parallel to and 28.50 inches above
vertical-tell root chord), in. . « « « « « « « « o + « « « 48,25
Alrfoil section « « « « ¢ « « ¢ « o « s+ o o « o « « » o« NACA 65-010
Rudder area, sq ft . . . . e s s s e o s e 4 s s 4 s e s e 5.30
Rudder span (leading edge), in. .« e e e .« .. . 66.25

Rudder root chord, in. . . . . . c e e e s e e e e . 16.25
Rudder tip chord (excluding aerodynamic balance), in. . .. 6.50
Rudder static control limits, deg . . . « e 4 e . . « . 130.00

Distance from leading edge of wing aerodynamic chord to

25 percent mean serodynamic chord of vertical tail, in. . 213.60
Distance of vertical-tall mean serodynamic chord parsllel to

and sbove fuselage reference line, in. . . . . . + « . . « 57.78

Fuselage:
Total length (excluding nose boom), in. « « ¢« « « « « « «» . 481,30
Meximum width, in. . . . e+ e e e s s e s s e . DB6.00

Meximum depth (excluding canopy), in. e e e e s e s . ..« B6.00
Effective speed-brake plen area (two), sq Pt o 5.80
Speed-brseke length (one), In. . . « « ¢ « ¢« « ¢« « s « . « » 26.60
Speed-brake width (one), In. . . « ¢ ¢ ¢ « « ¢ + ¢ « o« « « « 16,00
Speed-brake open position, deg down « « + + « ¢ « « & « « » « 60.00
Speed-brake maximum opening time, sec . . . <« ¢ « . . o . . . 2.2
Speed-brake maximum closing time, sec . . « « ¢« ¢ + & . . . . 1.9

N g
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TARIE I.- Continued
DIMENSTONS AND PHYSICAT. CHARACTERISTICS

OF THE F-94B TEST ATRPIANE

Tip tanks:
Iength, in. . . . o < X o
Maximum diameter, in. e e e e e e e e s e s e s e e se e e 256
Weight (one empty), 1b . ¢ « &« ¢ & ¢ v ¢ ¢ 4 « ¢ « o« = « « « « 190.0

Capacity (one), U. S. 88l .+ ¢ « ¢ ¢« « ¢« o ¢ ¢« ¢ « « = « « « « 230.0
Digstance from tip-tank nose to 52 percent of wing-chord

line, in. . . « o & e a . e 4 s e s & u e Gl.5
Fin area (including 1. h sq £t covered by tip tank), sq Pt . . h.1
Fin span (measured from tip-tank center line), in. e « . .. 28.0
Fin root chord (meamsured along tip-tenk center line), in. . . 29.0
Fin tip ckhord (measured parallel to tip—tank center

line), in. <« ¢ « ¢« « & o « e e e e e « « « « 13.0
Distance from tip-tank nose to traillng edge of fin, in. . . 169.5

Power plent (one) . . . . Allison J-33-A-33 equipped with afterburner

Alrplane weights and center-of-gravity positions:

(1) Measured airplane weight (includes two S5O-caliber

machine guns without ammunition; instruments; 230 1b

pilot; 200 1b ballast in nose; no wing tip tanks; and

all other tanks full service), 1D . « « « « « &« « « » « « . 13,157
(2) Measured airplene center-of-gravity position corre-

sponding to the airplane weight of 13,157 1b and with

gear up or down, percent wing mesn serodynamic chord . . . . 27.51
(3) Calculated center-of-gravity position corresponding

to the airplane weight of 13,387 1b (includes same items

as (1) with addition of 230 1b radar observer), percent

wing mean serodynamic chord . . « « « ¢ « « o ¢ & o . . 26.68
(&) Calculated center-of-gravity position corresponding 0

the airplane weight of 13,537 lb (includes same items as

(1) with eddition of two 190-1b wing tip tenks) percent

wing mean gerodynamic chord . « v v « « « « o + « o . .« 27.9h
(5) Calculated center-of- -greavity position corresponding to

the airplane weight of 16,527 1b (includes same items as

(1) with addition of two 190-1b wing tip tenks containing

2990 1b of fuel), percent wing mean aerodynsmic chord . . . 29.28

~REA
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TABLE I.- Concluded
DIMENSIONS AND PHYSICAIL CHARACTERISTICS
OF THE F-G4B TEST AIRPLANE

Moments of inertils:
Airplesne gross weight of 13,649 1b vhich includes radar

operator but not wing tip tanks, slug-ft2
Ty (O1L) ¢ v v o v e e et e e e e e e s e e s e e e s o . 11,9k9

Ip (Pitch) « @ v v v v 0 v i i i e o i e s e . ... 26,635
I, (jaw) « ¢ ¢ o v v v v i e e . . .« « « 37,779

Alrplane gross weight of 17,019 1b which includes radar

operator, tip tanks on end fully serviced, slug-ftz
o 3 ) % N 1) 4

Iy(pitch')........................'27,155
I, (F8W) @ ¢« o v e e e e e e i e i e e e e e e e e e e .. TT,620



Togtrmment neinmral,

Qraptities msastred Tostrumnt veed Unita “mt:ih o g.'].mu; arTOT unita as given) frequency, apm
Preasure altitals Mreyoed-sliitida fost 50 2100 (dlepiramm)
Indionted airspsed mml‘f"““ xnots 100 (ddopbrngn)
Epader angle ““‘;ﬁm degroe 0.4 Y 1h
Allaron sogle Control-positian degroes 0,4 %0.3 w
Elevatar anals Gontral-poaltion dagress 0,k £0.h LT
Boroal loed Teator Blogla-oopnent —— 30,025 £0,06 17.8
Toogitudionl Load T ot S 10,00 20,08 5.7

Presivrae Lo [pbotemcorent —— 0,01 0,08 3.0
Fitohing valnaity Sogalar-Taloctiy % 0,08 20,01 1.9
g | S| T ot e w3 (i
Yeuing valoolty Angrlar-malocity %; 10,00 #0, 006 9.5
| weonisromtor =3 s0.04 .00 33ttty
Rolling veloaity fnguar-riolty 1“_;? 30,20 10,06 £5.8
Bolling monalarakion — %ﬂ‘i 0.0 10,10 ’i,mmm’
B1doalip angls Fhow 8 e ion dngreas 0.1 40.3 18
ingls of attack w degrees 0,1, 0.3 8
e T wer seconds 0 40,5 goo In 60 sea (over-all) | ___

0.1 mee (mynchremizniion)

L2aceT W VouN

Lt
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TABLE TIT

MANEUVER CLASSTFICATION AND ARRANGEMENT

NACA RM 153B27

Maneuver classifilcation Figure
Take ~-off 3 to 20
Turn . 21 to 77
Roll 78 to 158
Wing-over 159 to 168
Chandelle 169 to 182
Iazy eight 183 to 185
Pull-up 186 to 201
Ioop 202 to 210
Tmme lman 211 to 219
Split-S 220 to 230
Sideslip 231 and 232
Rudder kicks 233
Stall 234 to 243
Series of maneuvers 24l to 285
Directional oscillation 286
Interception 287
Landing 288 to 303
'
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Figure 5.- Take-off.
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Pilot A; airplane weight, 12,780 pounds; center
_of gravity at 27.6 percent M.A. C
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Figure 6.- Take-off.

W dirpeed  knots

Up

alleron

Condral poaifion, deg
Right
Down

Lood factor
Normal

[T
ki

[}
i

o
1

'&ONJLCE

KACA RM I53B27

toxto®

Prowsus althude, fi

o N M o

POD

Trongyerse

Pich

p» O B

Enéb

mUp

Rigt  Down Up Left Right

velocily, rodions / sac
Yow
Left

Anguiar

i

Right  Down

ight

o o ah b O R B

Loft
0

Py

Angle of atlack, deg

» o » 0@
teh  Right MY“
Anguiar accaleration, rodians /sect

a0 & O & o
Roll

right
deg

[ )

»r Q »

()

Pilot A wearing anti-gravity sult; sirplene welght,

12,570 pounds; center of gravity at 27.7 percent M.A.C.

clleesuNIEED



NACA RM I53B2T L ]

10u10°

Pressurs oiitkude, fi

(-2 I}

Aon

Pich  Tronwerss

2
5
£ 4 85
. o o #
g B sk y
f3. °8 §
§# o o ,sg
f: +%
{ :&g
Es‘: : 5
4 -
4}
5
: 2
. g °
- 3
()

Figure 6.- Concluded.

25



26 SyrEEEE

L‘. lo:lo'.
i
i ¥
§- ot
P
i -
: of
i
il i
§§§: : 165 E
: )
: ) o
i o,
g )
gs_r_e 552
p ,§: £ EEiEe -§ 4
kX il
§ i_; = - 2. = H r§§>-§
; % !
2 e seigza: 22is ng
X
4 Eii
: ;}g
5t

Anghe of aifack,deg
1
1l
e,
IT

Time, sec.

0 ') 20 30 a0 50 80

NACA RM L53B27

Figure 7.~ Take-off. Pilot B; airplene weight, 12,890 pounds; center

of gravity at 27.6 percent M.A.C.



NACA RM L53B27 : o

1ox10?
4.
: .
i_ S0t
L
g TS SiSsEscssss n
o
£ s, %
g e o

TH
[=]

;A 88
° £ =2 : "
g b of g
L *
i£ ; FEEE R s eeo el ] >5-§
§-2 o
i :
B 5 i
E 0 e et e SSERSSSSSaness = 2 OSE
57 :
| Isgi
<53
== . g
gt
3 12
s =
%
ﬁo.ri © 2 45 3] )

(a)

Figure 8.- Take-off. Pilot B; eirplane weight, 12,570 pounds; center
of gravity et 27.T7 percent M.A.C.



28

loxic®

indicried girapeed, inols

—p0 oD

o P A a

valoclty, radians /se.
Right

Anquiar
Left

Yow
2h 1 O b B

T

A}

Right

Rall
-

Loft

A O N

Angle of aitack,deg

8410

(b)

Figure 8.- Concluded.

Pressure alitiude, ft

NACA RM L53B2T



NACA RM 153B27 R 29

10x10%

»

Pressurs olfitude, ft

1}
N

3
=]

Wndicaled orapead knots

poatiion

clleron

a _a

Al

11

7]
Conlrol poaltion,

$ :
3: 4
g > °s
T 5,
d
i .5
=It
% 12
i
i

°
8
L
3
8
8

{a) ‘i‘uﬁgpr’

Figure Q.- Take-off. Pilot B with radar observer; airplane weight,
12,900 pounds; center of gravity at 26.9 percent M.A.C.

— . a—



30

NACA RM L53B27

ONAGGS
Eressze gixde, ft

Aogle of aitock, deg

8;04;

Figure 9.- Concluded.



NACA RM I53B27

[#
by
X
1L

1 N1
AT

T
1)
13

1ox10*

Prossus olfffude, ft

(=T I N )

; : il SN
§ :u : gg 5
1 L
i
gSf. = a&x
s.‘gz _ : <k §
N *5 1
§# o i : i ;g
i 52 s
gi :§_§
: e ng
L ifs
: i |
3t
I”
i =
3

Flgure 10.~ Take-off.
13,200 pounds; center of gravity at 26.8 percent M.A.C.

Pilot C with radar observer; airplane welght,

31



32 - v NACA RM L53B27

10x10%

. thuce, i

L= T - B

Indicated clrapaed, knots
»

Up
[+] D
1)

poattion,

Conirol posifin, deg
allwron
oo
()
@
Up
Caniral

Normal
- T -
Forwead

Lood fockor
Right
¥
(1}
roRd
mhﬂw

Piich Tronpsrse
Up Left

hon_

Rearwand

I S-S

Down

Right

Left
.

Anguiar veloclty, radians /sec
Yow
R O kb »
f i
f
h |
XL
1
» ob M o » b e
Yow
Anguiar accelerafion, rodions /sect

Right
QO 0 AR

Roll

Left

A

Angle of attock, deg

L O A @

o 10 20 36 40 50 T eo
Tima, sec

Flgure 11.- Take-off. Pilot D with radar observer; airplane weight,
13,200 pounds; center of gravity at 26.8 percent M.A.C. W



NACA RM I53EB2T S 33

1ox10%

Frossurs qifiude, fi

O N + o0

T
11
o

Right

in}

; : ok
' ;e 2
Ly Sg
I |
gJ 2
2 4 ]
£ o e o §
! gr‘. 3;3
N 38
%ﬁ oR : 5 o ;§
§§f ~%
;z :§§
: . o5t
5 ggs
|
| 3
L
Pl
3] 10 20 mc?nc 46 50

Figure 12.- Take-off. Pilot D witk radar observer; alrplane weight,
13,100 pounds; center of gravity at 26.8 percent M.A.C.



34 N NACA RM L53B2T

10x10%
o
- ] £ = = i 2 E
;% o
b
i & SiEeicsisce
: :§§
g 3, "
%-E ; e} = = - i
L os t
1
¥ "
;o L.
N -
B, E
Esg
R 88
g " : T
i g—.‘ ' °§ 3
£e !
s A
3. !
3 oEE . S
5 ;?
e 4 : g
45
eii
5"
i
. n v

Figure 13.-~ Take-off. Pilot E wearing anti-gravity sult; airplane weight,
12,890 pounds; center of gravity at 27.6 percent M.A.C.W



NACA RM I53B27

Indicated dirspeed,knots

1oxt0*

Pressurs liifude, ft

o P » o

Latt
3

Iy

[

Angle of aitack,deg

> O 2O

30
Time, sec

(a)

35

Figure 14.. Teke-off. Pilot F wearing anti-gravity sult; airplene weight,
12,880 pounds; center of gravity at 27.6 percent M.A.C.
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Figure 17.-~ Teke-off.
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Pilot G; eirplane weight, 12,820 pounds; center
of gravity at 27.6 percent M.A.C.
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Figure 280.- Vertical recovery. Pilot G with radser observer; airplane

welght, 12,520 pounds; center of gravity at 26.6 percent M.A.C.
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Figure 287.- Interception. Pillot E wearing enti-gravity sult and with
radar observer; tlp tanks on; alrplane weight, 15,030 pounds; center

of gravity at 27.8 percent M.A.C.
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Figure 289.- Landing. Pilot A; airplane weight, 11,835 pounds; center

of gravity at 26.6 percent M.A.C.
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Figure 291.- Landing.
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Pilot B with radar observer; alrplane weight,
center of gravity at 25.3 percent M.A.C.
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